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(57) ABSTRACT 

An organic light-emitting device that exhibits a light emis 
sion of extremely high e?iciency, high brightness, and long 
lifetime is provided. An organic light-emitting device 
includes a pair of electrodes including an anode and a 
cathode, and one or more layers containing an organic 
compound, the layers being sandwiched betWeen the pair of 
the electrodes, characterized in that at least one layer of the 
layers containing an organic compound contains a com 
pound represented by the following general formula (1) 
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(XM 

a 

2 Claims, 2 Drawing Sheets 



U.S. Patent Jun. 19, 2007 Sheet 1 of2 US 7,232,618 B2 

FIG. 1 

FIG. 2 



U.S. Patent Jun. 19, 2007 Sheet 2 0f 2 US 7,232,618 B2 

FIG. 3 



US 7,232,618 B2 
1 

ORGANIC LIGHT-EMITTING DEVICE 

TECHNICAL FIELD 

The present invention relates to an organic light-emitting 
device, and more speci?cally to a device that emits light by 
applying an electric ?eld to a thin ?lm containing an organic 
compound. 

BACKGROUND ART 

Organic light-emitting devices are luminescent devices 
utiliZing light that is emitted When excitons of ?uorescent 
organic compounds move back to the ground state, the 
excitons being formed by sandWiching a thin ?lm that 
contains the ?uorescent compounds betWeen an anode and a 
cathode and injecting electrons and holes (positive holes) 
from the respective electrodes. 
A study by Eastman Kodak Company in 1987 (Appl. 

Phys. Lett. 51, 913 (1987)) reports that a light emission of 
about 1000 cd/m2 Was observed under an applied voltage of 
about 10 V. In the study, the device had a function-separated 
type bilayer structure and used ITO as the anode, a magne 
sium-silver alloy as the cathode, an aluminum quinolinol 
complex as an electron-transporting material and a light 
emitting material, and a triphenylamine derivative as a 
hole-transporting material. Related patent documents 
include US. Pat. No. 4,539,507, No. 4,720,432, and No. 
4,885,211, etc. 

Moreover, various light emissions in a range of from 
ultraviolet to infrared can be accomplished by using various 
different ?uorescent organic compounds. Recently, a lot of 
studies on various compounds have been conducted actively. 
For instance, those studies are disclosed in US. Pat. No. 
5,151,629, No. 5,409,783, No. 5,382,477, No. 5,130,603, 
No. 6,093,864, No. 5,227,252, Japanese Patent Applications 
Laid-Open No. 5-202356, No. 9-202878, and No. 9-227576. 

In addition to the organic light-emitting devices using 
small molecular materials as described above, the organic 
light-emitting devices using conjugated polymers have been 
reported by the group of Cambridge University (Nature, 
347, 539 (1990)). This report discloses that a ?lm of 
polyphenylenevinylene (PPV) is formed by coating method 
and it is surely observed that a single layer of the ?lm 
emitted light. Related patent documents on organic light 
emitting devices using conjugated polymers include US. 
Pat. No. 5,247,190, No. 5,514,878, No. 5,672,678, No. 
5,317,169, No. 5,726,457, and Japanese Patent Application 
Laid-Open No. 5-247460, etc. 

Thus the remarkable progresses have been made in 
organic light-emitting devices, so that the recent lumines 
cent devices are characterized by high brightness even When 
a loWer voltage is applied, diversity in emission Wave 
lengths, and rapid response, and thin and lightweight lumi 
nescent devices can be obtained, Which suggests a Wide 
range of possibilities of the device being utiliZed for various 
uses. 

HoWever, under the present circumstances, light emis 
sions exhibiting higher brightness or higher conversion 
e?iciency are required. Furthermore, there are still many 
problems in regard to durability such as change With elapse 
of time due to prolonged use and deterioration or the like, by 
moisture and the atmospheric gas containing oxygen. More 
over, in vieW of application to a full-color display etc., blue, 
green, and red light emissions having higher color purities 
are needed, and this problem has not been solved su?iciently 
yet. 
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2 
SUMMARY OF THE INVENTION 

The present invention has been made to solve the above 
mentioned problems of the conventional technologies, and 
an object of the present invention is to provide an organic 
light-emitting device that exhibits a light emission of 
extremely high e?iciency, high brightness, and long lifetime. 

Furthermore, another object of the present invention is to 
provide an organic light-emitting device that shoWs various 
emission Wavelengths and various emission hues and that is 
extremely durable. 

Moreover, another object of the present invention is to 
provide an organic light-emitting device that can not only be 
manufactured easily but also produced at a relatively loW 
cost. 

The inventors of the present invention made intensive 
investigations to solve the above-mentioned problems. As a 
result, they have found out that an organic light-emitting 
device exhibiting a light emission of higher e?iciency and 
higher brightness can be produced by use of an organic 
light-emitting device including a pair of electrodes including 
an anode and a cathode, and one or more layers containing 
an organic compound, the layers being sandWiched betWeen 
the pair of the electrodes, in Which at least one layer of the 
layers containing an organic compound contains a speci?c 
compound, thereby completing the present invention. 

According to the present invention, there is provided an 
organic light-emitting device including a pair of electrodes 
including an anode and a cathode, and one or more layers 
containing an organic compound, the layers being sand 
Wiched betWeen the pair of the electrodes, in Which at least 
one layer of the layers containing an organic compound 
contains a compound represented by the folloWing general 
formula (1). 

(1) 

(In the formula, M is a metal atom, preferably an iridium 
atom or a platinum atom; P and Q each are a substituted or 
unsubstituted aromatic hydrocarbon group or a substituted 
or unsubstituted aromatic heterocyclic group; and P and Q 
constitute a chelate ligand; P and Q may form a condensed 
ring With each other; L1 and L2 each are a ligand or an 
oxygen atom that binds to M by a double bond; L1 and L2 
may form a condensed ring With each other to become a 
tWo-coordinate chelate ligand; X represents a counter ion of 
an anion or a cation; a is an integer of 1 to 3; b and c each 
are an integer of 0 to 4; and d is an integer of 0 to 3, provided 
that P, Q, L1, L2, and X each may be the same or different 
if there are more than one of these). 

In the organic light-emitting device of the present inven 
tion, the metal atom M preferably is a ?ve-coordinate 
16-electron bonding system or a six-coordinate 18-electron 
bonding system With L1 and L2 and With a chelate ligand 
comprising P and Q. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional vieW showing an example of an 
organic light-emitting device of the present invention. 

FIG. 2 is a sectional vieW showing another example of an 
organic light-emitting device of the present invention. 

FIG. 3 is a sectional vieW shoWing still another example 
of an organic light-emitting device of the present invention. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

Hereinafter, the present invention Will be explained in 
detail. 

First, the compounds represented by the above-mentioned 
general formula (1) for use in the present invention Will be 
explained. 

Examples of the metal M in the general formula (1) 
include Pd(II), Pt(II), Ru(II)CO, Zn(II), Mg(II), Sn(IV), 
Pb(II), Al, Cd, Si(IV), Ge(IV), Ba, Sr, Be, Sc(III), Ti(IV), 
Zr(IV), Hf(IV), Nb(V), Ta(V), Co(III), Rh(III), Ir(III), 
Ir(IV), Ni(II), VO, Sn(II), Ru(II), Ru(III), Cu(II), Ag, Co(II), 
Ca, Hg, Mn(II), Fe(II), Fe(III), and the like, but are not 
limited to the above-mentioned metal and a general metal 
atom may be used. 

Further, speci?c examples of P and O that constitute a 
chelate ligand Will be shoWn hereinbeloW. 

The substituted or unsubstituted aromatic hydrocarbon 
group includes a phenyl group, a 4-methylphenyl group, a 
4-ethylphenyl group, a 3-chlorophenyl group, a 3,5-dimeth 
ylphenyl group, a triphenylamino group, a biphenyl group, 
a terphenyl group, a naphthyl group, an anthryl group, a 
phenanthryl group, a pyrenyl group, a tolyl group, a tosyl 
group, a halogen-substituted naphthyl group, and the like. 

The substituted or unsubstituted aromatic heterocyclic 
group includes: ?ve-membered heterocyclic rings such as a 
thienyl group, a f‘uryl group, a pyrrolyl group, an imidaZolyl 
group, a pyraZolyl group, an isothiaZolyl group, and an 
isoxaZolyl group; six-membered heterocyclic rings such as a 
pyranyl group, a pyridyl group, a pyraZinyl group, a pyri 
midinyl group, and a pyridaZinyl group; and a bipyridyl 
group, a methylpyridyl group, a terthienyl group, a propy 
lthienyl group, an isobenZof‘uranyl group, an indoliZinyl 
group, an isoindolyl group, an indolyl group, an indaZolyl 
group, a purinyl group, an indolinyl group, an isoindolinyl 
group, a chromenyl group, a quinoliZinyl group, an iso 
quinolyl group, a quinolyl group, a phthalaZinyl group, a 
naphthylidinyl group, a quinaZolinyl group, a carbaZolyl 
group, an N-ethylcarbaZolyl group, a thianthrenyl group, 
phenanthridinyl group, a perimidinyl group, etc. 

The condensed ring that P and Q forms include a benZo 
ring, a naphtho ring, an anthra ring, an acenaphtho ring, and 
the like. It may also include heterocyclic rings such as those 
Whose names begin With f‘uro-, imidaZo-, pyrido-, quino-, 
thieno-, and the like. 

In addition, the substituents that P and Q may have 
include but are of course not limited to: alkyl groups or 
aralkyl groups such as a methyl group, an ethyl group, an 
n-propyl group, an iso-propyl group, a tert-butyl group, an 
octyl group, a benZyl group, and a phenethyl group; alkenyl 
groups such as a vinyl group, an allyl group (a 2-propenyl 
group), a l-propenyl group, an iso-propenyl group, and a 
2-butenyl group; alkoxy groups such as a methoxy group, an 
ethoxy group, a propoxy group, a 2-ethyloctyloxy group, a 
phenoxy group, a 4-butylphenoxy group, and a benZyloxy 
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4 
group; carbonyl groups such as an acetyl group, a propionyl 
group, an isobutyryl group, a methacryloyl group, a benZoyl 
group, a naphthoyl group, an anthroyl group, and a toluoyl 
group; amino groups such as a methylamino group, an 
ethylamino group, a dimethylamino group, a diethylamino 
group, a methylethylamino group, a benZylamino group, a 
methylbenZylamino group, an anilino group, a dipheny 
lamino group, a phenyltolylamino group, and a ditolylamino 
group; a halogen; an aZo group; those aryl groups, hetero 
cyclic groups, or condensated rings described above; and the 
like. 

Also, speci?c examples of the ligands L1 and L2 include 
alkoxy groups such as a methoxy group, an ethoxy group, a 
propoxy group, a 2-ethyloctyloxy group, a phenoxy group, 
a 4-butylphenoxy group, and a benZyloxy group. 

In addition, it may include aryl groups such as a phenyl 
group, a 4-methylphenyl group, a 4-ethylphenyl group, a 
3-chlorophenyl group, a 3,5-dimethylphenyl group, a triph 
enylamino group, a biphenyl group, a terphenyl group, a 
naphthyl group, an anthryl group, a phenanthryl group, a 
pyrenyl group, a tolyl group, a tosyl group, a halogen 
substituted naphthyl group, and the like. 

Further, it may include: ?ve-membered heterocyclic rings 
such as a thienyl group, a furyl group, a pyrrolyl group, an 
imidaZolyl group, a pyraZolyl group, an isothiaZolyl group, 
and an isoxaZolyl group; six-membered heterocyclic rings 
such as a pyranyl group, a pyridyl group, a pyraZinyl group, 
a pyrimidinyl group, and a pyridaZinyl group; and hetero 
cyclic groups such as a bipyridyl group, a methylpyridyl 
group, a terthienyl group, a propylthienyl group, an isoben 
Zofuranyl group, an indoliZinyl group, an isoindolyl group, 
an indolyl group, an indaZolyl group, a purinyl group, an 
indolinyl group, an isoindolinyl group, a chromenyl group, 
a quinoliZinyl group, an isoquinolyl group, a quinolyl group, 
a phthalaZinyl group, a naphthylidinyl group, a quinaZolinyl 
group, a carbaZolyl group, an N-ethylcarbaZolyl group, a 
thianthrenyl group, phenanthridinyl group, a perimidinyl 
group, etc. 

Furthermore, it may include phosphino groups such as a 
triphenylphosphino group, a trimethylphosphino group, and 
a triethylphosphino group. 

Additionally, it may also include amino groups such as a 
methylamino group, an ethylamino group, a dimethylamino 
group, a diethylamino group, a methyethylamino group, a 
benZylamino group, a methylbenZylamino group, an anilino 
group, a diphenylamino group, a phenyltolylamino group, 
and a ditolylamino group. 

Moreover, aZo groups that Were formed by optionally 
combining the above-mentioned substituents may be used. 

For the condensed rings that L l and L2 form, a benZo ring, 
a naphtho ring, an anthra rings, an acenaphto ring, and the 
like may be used. It may also include heterocyclic rings such 
as those Whose names begin With f‘uro-, imidaZo-, pyrido-, 
quino-, thieno-, and the like. 

Also, L1 and L2 may have substituents, and those sub 
stituents include, but of course are not limited to, the 
above-mentioned alkoxy groups, heterocyclic groups, phos 
phino groups, amino groups, halogen groups, aZo groups, 
condensed rings, and the like. 
As the counter ion X, there may be mentioned anionic 

ones in Which case examples thereof include F', Cl“, Br“, 

0;, (02V: (02): (OH): (SH): ($0.02: NH; N3: 
(CNT, (NCO)? (NCST, (N02)? (0A0)? (C104)? (9)04)‘, 
(Im)_, (BF4)_, etc., and cationic ones in Which case 
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examples thereof include K", Na", NH4+, Li", etc., but are 
not limited to the above-mentioned ion and general counter 

ions may be used therefor. 

Next, representative examples of the compound repre 
sented by the general formula (1) Will be mentioned. HoW 
ever, the compounds are not limited to the following exem 

pli?ed compounds. 

\ 
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-continued 

Cl 

R11 

10 
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-continued 
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14 

15 

16 

Next, the organic light-emitting devices of the present 
invention Will be explained With reference to the ?gures. 

FIG. 1 is a sectional vieW showing an example of an 
organic light-emitting device of the present invention. FIG. 
1 shoWs a structure having a substrate 1 on Which an anode 
2, an emission layer 3, and a cathode 4 are provided in this 
order. This light-emitting device is useful in the case of a 
device independently having hole-transporting ability, elec 
tron-transporting ability, and light-emitting ability in itself 
or the case of a device using a mixture of the compounds 
having the respective characteristics. 

FIG. 2 is a sectional vieW shoWing another example of an 
organic light-emitting device of the present invention. FIG. 
2 shoWs a structure having a substrate 1 on Which an anode 
2, a hole-transporting layer 5, an electron-transporting layer 
6, and a cathode 4 are provided in this order. This structure 
is useful in the case of using either a hole-transporting 
material or an electron-transporting material or a material 
that have both hole-transporting ability and electron-trans 
porting ability in the respective layers and using a light 
emitting material in combination With a mere hole-trans 
porting material or a mere electron-transporting material 
having no light-emitting ability. In addition, this structure 
contains a light-emitting layer including either a hole 
transporting layer 5 or an electron-transporting layer 6. 
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8 
FIG. 3 is a sectional vieW shoWing another example of an 

organic light-emitting device of the present invention. FIG. 
3 shoWs a structure having a substrate 1 on Which an anode 
2, a hole-transporting layer 5, a light-emitting layer 3, an 
electron-transporting layer 6, and a cathode 4 are provided 
in this order. In this case, carrier transfer function and light 
emission function are separated. This case is employed 
appropriately in combination With the respective compounds 
having hole-transporting ability, electron-transporting abil 
ity, and light-emitting ability, respectively. This case, there 
fore, enables not only extremely increased freedom of 
selection of materials but also diversity of luminescent hue 
because various compounds that have different emission 
Wavelengths from each other can be used. Moreover, it is 
also possible to improve emission ef?ciency because the 
respective carriers or excitons are enclosed effectively in the 
central light-emitting layer 3. 

HoWever, FIGS. 1 to 3 merely shoW very basic device 
structures, to Which structures of the organic light-emitting 
devices using the compounds of the present invention are 
not limited. For example, various layer structures can be 
prepared, such as by providing an insulating layer in the 
interface betWeen an electrode and an organic layer, provid 
ing an adhesion layer or an interfering layer, and preparing 
a hole-transporting layer including tWo layers having dif 
ferent ioniZation potentials to each other, etc. 
The compounds represented by the general formula (1) 

used in the present invention are excellent in electron 
injecting ability, electron-transporting ability, and light 
emitting ability compared With conventional compounds, 
and can be used in any form as in FIGS. 1 to 3. 

In particular, an organic layer containing a compound 
represented by the general formula (1) of the present inven 
tion is useful as an electron-transporting layer and also as a 
light-emitting layer. 

In the organic light-emitting devices of the present inven 
tion, a compound represented by the general formula (1) is 
made into an organic layer betWeen an anode 2 and a cathode 
4 by vacuum vapor deposition method or solution coating 
method. The thickness of the organic layer is less than 10 
um, and is preferably thinned to a thickness of 0.5 pm or 
less, more preferably 0.01 to 0.5 pm. 

In the present invention, a compound represented by the 
above-mentioned general formula (1) is used as a compo 
nent for constituting an electron-transporting layer or a 
light-emitting layer but additionally, hole-transporting com 
pounds, light-emitting compounds, light-emitting layer 
matrix compounds, electron-transporting compounds, 
charge-transporting polymer materials, and light-emitting 
polymer materials that have already been knoWn (such as the 
folloWing compounds) can be used together if necessary. 
HoWever, such compounds for use in the present invention 
are not limited to these compounds. 

Hole-transporting compounds 

CH3 

TPD 
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Light-emitting materials 

C ournarin 6 

HN 

Quinacridone Nile red 



US 7,232,618 B2 
13 14 

-continued 

Q§@MWM@N 
DTPABVi 

O 0 Q O CO 

oéo 080 
Rubrene Coronene 
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Polymeric hole-transporting materials 

CW3 
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RI CsH13,CsH17, 
C12H25 

Poly thiophene 

Polymeric light-emitting materials and charge-transporting 
materials 

#9)? 
CsH13 

In the organic light-emitting devices of the present inven 
tion, a layer containing the compounds represented by the 
general formula (1) and a layer containing other organic 
compounds can be made into a thin ?lm generally by 
vacuum vapor deposition method or by coating method after 
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Polysilane 

the compounds are dissolved in an appropriate solvent. In 
particular, When a ?lm is prepared by coating method, the 
compounds can be combined With an appropriate binding 
resin to form a ?lm. 

The above-mentioned binding resins can be selected from 
a Wide range of binding resins, such as polyvinylcarbaZole 
resin, polycarbonate resin, polyester resin, polyarylate resin, 
polystyrene resin, acrylic resin, methacrylic resin, butyral 
resin, poly(vinyl acetal) resin, diallyl phthalate resin, phenol 
resin, epoxy resin, silicone resin, polysulfone resin, urea 
resin, etc., to Which the resins are not limited. Moreover, 
these resins may be used singly, or one or more resins may 
be mixed With one another to be used as a copolymer. 

The anode materials are preferably selected from mate 
rials having the greatest Work function possible. For 
example, metal simple substances such as gold, platinum, 
nickel, palladium, cobalt, selenium, and vanadium, or alloys 
thereof, metal oxides such as tin oxide, Zinc oxide, indium 
tin oxide (ITO), and indium-Zinc oxide can be used. Fur 
thermore, conductive polymers such as polyaniline, poly 
pyrrole, polythiophene, and polyphenylene sul?de also can 
be used. These electrode materials may be used singly or in 
combination With one another. 

On the other hand, the cathode materials are preferably 
selected from materials having a small Work function. For 
example, metal simple substances such as lithium, sodium, 
potassium, calcium, magnesium, aluminum, indium, silver, 
lead, tin, and chromium, or alloys of some of these can be 
used. Metal oxides such as indium-tin oxide (ITO) also can 
be used. Additionally, the structure of the cathode may be a 
single layer or multiple layers. 
The substrates for use in the present invention are not 

particularly limited. For example, opaque substrates such as 
metal substrates and ceramic substrates and transparent 
substrates such as glass, quartz, and plastic sheet are used. 
Moreover, emitted lights can be controlled by the use of a 
color ?lter ?lm, a ?uorescent color conversion ?lter ?lm, a 
dielectric re?ection ?lm, etc. on a substrate. 

Besides, a protection layer or a seal layer may be provided 
in a prepared device for the purpose of preventing the device 
from contact With oxygen, moisture, or the like. Examples of 
the materials for use in the protection layer include inorganic 
material ?lms such as diamond thin ?lm, metal oxides, and 
metal nitrides, polymer ?lms such as ?uororesin, poly(p 
xylene), polyethylene, silicone resin, and polystyrene resin, 
light-setting resin, etc. Furthermore, the prepared devices 
themselves can be packaged With appropriate seal resins by 
means of covering the devices With glass, gas-impermeable 
?lms, metals, etc. 
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EXAMPLES 

Hereinafter, the present invention Will be speci?cally 
explained With reference to the following examples, but the 
present invention is not limited to these examples. 

Example 1 

A device having a structure as shoWn in FIG. 1 Was 
produced. 
A transparent conductive supporting substrate Was used 

Which Was produced by forming a ?lm of indium-tin oxide 
(ITO) having a ?lm thickness of 120 nm as an anode 2 on 
a glass substrate as a substrate 1 by means of sputtering 
method. This substrate Was cleaned ultrasonically With 
acetone and isopropyl alcohol (IPA) in this order. After 
boiling cleaning With IPA, the substrate Was dried. The 
substrate Was further cleaned With UV/oZone and then Was 
used as a transparent conducting supporting substrate. 
A solution Was prepared by dissolving 0.050 g of the 

compound shoWn as the above-exempli?ed compound No. 
1 and 1.00 g of polyvinylcarbaZole in 75 ml of tetrahydro 
furan. Using this solution, an organic ?lm layer (light 
emitting layer 3) having a thickness of 120 nm Was formed 
on a transparent conductive supporting substrate by means 
of spin coat method (2000 rpm). 

Next, using a deposition material composed of aluminum 
and lithium (having a lithium concentration of 1 atom %), a 
metal ?lm layer (cathode 4) having a thickness of 150 nm 
Was formed on the above-mentioned organic layer by means 
of vacuum vapor deposition method. The ?lm formation Was 
performed under the conditions Where the degree of vacuum 
at the time of vapor deposition Was 1.0><10_4 Pa, and the 
?lm-forming rate Was 1.0 to 1.2 nm per second. 

Using an ITO electrode as a positive electrode and an 
AliLi electrode as a negative electrode, a direct current 
voltage of 8 V Was applied to the device thus obtained, so 
that How of an electric current having a current density of 2.4 
mA/cm2 Was observed and a red-light emission having an 
initial brightness of 150 cd/m2 Was observed. 

Example 2 

A device having a structure as shoWn in FIG. 2 Was 
produced. 
A hole-transporting layer 5 Was formed by making 

ot-NPD into a thin ?lm having a thickness of 70 nm on a 
transparent conductive supporting substrate similar to that in 
Example 1 by means of vacuum vapor deposition method. 
Subsequently, an electron-transporting layer 6 Was formed 
by making the exempli?ed compound No. 15 into a thin ?lm 
having a thickness of 50 nm by means of vacuum vapor 
deposition method. The ?lm formation Was performed under 
the conditions Where the degree of vacuum at the time of 
vapor deposition Was 1.0><10_4 Pa, and the ?lm-forming rate 
Was 0.2 to 0.3 nm per second. 

Next, a cathode 4 Was formed on the above-mentioned 
organic layer in the same manner as in Example 1. 

Using an ITO electrode as a positive electrode and an 
AliLi electrode as a negative electrode, a direct current 
voltage of 8 V Was applied to the device thus obtained, so 
that How of an electric current having a current density of 5.1 
mA/cm2 Was observed and a red-light emission having an 
initial brightness of 330 cd/m2 Was observed. 

Example 3 

A device having a structure as shoWn in FIG. 3 Was 
produced. 
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22 
A hole-transporting layer 5 Was formed by making TPD 

into a thin ?lm having a thickness of 70 nm on a transparent 
conductive supporting substrate similar to that in Example 1 
by means of vacuum vapor deposition method. A light 
emitting layer 3 Was formed by making the exempli?ed 
compound No. 1 into a thin ?lm having a thickness of 40 nm 
by means of vacuum vapor deposition method. An electron 
transporting layer 6 Was formed by making aluminum 
trisquinolinol into a thin ?lm having a thickness of 25 nm by 
means of vacuum vapor deposition method. The ?lm for 
mation Was performed under the conditions Where the 
degree of vacuum at the time of vapor deposition Was 
1.0><10_4 Pa, and the ?lm-forming rate Was 0.2 to 0.3 nm per 
second. 

Next, a cathode 4 Was formed on the above-mentioned 
organic layer in the same manner as in Example 1. 

Using an ITO electrode as a positive electrode and an 
AliLi electrode as a negative electrode, a direct current 
voltage of 8 V Was applied to the device thus obtained, so 
that How of an electric current having a current density of 5 .4 
mA/cm2 Was observed and a red-light emission having an 
initial brightness of 570 cd/m2 Was observed. 

In addition, a voltage Was applied to this device for 1000 
hours With the current density kept at 5.0 mA/cm2 under a 
nitrogen atmosphere. As a result, the initial brightness Was 
530 cd/m2 and the brightness after 1000 hours Was 480 
cd/m2. Thus, deterioration in brightness Was very small. 

Example 4 

A device having a structure as shoWn in FIG. 2 Was 
produced. 
A hole-transporting layer 5 Was formed by making TPD 

into a thin ?lm having a thickness of 70 nm on a transparent 
conductive supporting substrate similar to that in Example 1 
by means of vacuum vapor deposition method. Subse 
quently an electron-transporting layer 6 Was formed by 
making the exempli?ed compound No. 1 and aluminum 
trisquinolinol (Weight ratio, 1:50) into a thin ?lm having a 
thickness of 20 nm by means of vacuum vapor deposition 
method. The ?lm formation Was performed under the con 
ditions Where the degree of vacuum at the time of the vapor 
deposition Was 1.0><10_4 Pa, and the ?lm-forming rate Was 
0.2 to 0.3 nm per second. 

Next, a cathode 4 Was formed on the above-mentioned 
organic layer in the same manner as in Example 1. 

Using an ITO electrode as a positive electrode and an 
AliLi electrode as a negative electrode, a direct current 
voltage of 8 V Was applied to the device thus obtained, so 
that How of an electric current having a current density of 5 .4 
mA/cm2 Was observed and a red-light emission having an 
brightness of 26500 cd/m2 Was observed. 

In addition, a voltage Was applied thereto for 100 hours 
With the current density kept at 5 .0 mA/cm2 under a nitrogen 
atmosphere. As a result, the initial brightness Was 12500 
cd/m2 and the brightness after 100 hours Was 9600 cd/m2. 
Thus, deterioration in brightness Was very small. 

Comparative Example 1 

A device Was produced in a similar manner as in Example 
4 except that the comparative compound represented by the 
folloWing structural formula (U.S. Pat. No. 5,935,720) Was 
used as the compound for the electron-transporting layer. 
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Using an ITO electrode as a positive electrode and an 
AliLi electrode as a negative electrode, a direct current 
voltage of 8 V Was applied to the device thus obtained, so 
that How of an electric current having a current density of 3.7 
mA/cm2 Was observed and a red-light emission of 15000 
cd/m2 Was observed. 

In addition, a voltage Was applied to this device for 1000 
hours With the current density kept at 5.0 mA/cm2 under a 
nitrogen atmosphere. As a result, the initial brightness Was 
60 cd/m2 and light emission Was not detected after 1000 
hours. 

INDUSTRIAL APPLICABILITY 

As shoWn in Examples and Comparative Examples, the 
organic light-emitting devices using the compounds repre 
sented by the general formula (1) of the present invention 
exhibit light emissions With a high brightness in spite of a 
loW applied voltage, and the devices are also excellent in 
durability. 

In particular, an organic layer containing a compound 
represented by the general formula (1) is useful as an 
electron-transporting layer and is also useful as a light 
emitting layer that emits pure red light. 

Moreover, the devices can be produced by the use of 
vacuum vapor deposition method, casting method or the 
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like. Large-area devices, therefore, can be produced easily at 
a relatively loW cost. 

The invention claimed is: 
1. An organic light-emitting device comprising a pair of 

electrodes comprising an anode and a cathode, and one or 
more layers containing an organic compound, the layers 
being sandWiched betWeen the pair of the electrodes, 
Wherein at least one layer of the layers containing an organic 
compound contains a compound represented by the folloW 
ing general formula (1) 

(1) 
00d 

ii) 
a 

Wherein in the formula, M is an iridium atom, P and Q each 
are a substituted or unsubstituted aromatic hydrocarbon 
group or a substituted or unsubstituted aromatic heterocyclic 
group, and P and Q constitute a chelate ligand; P and Q may 
form a condensed ring With each other; L1 and L2 each are 
a ligand or an oxygen atom that binds to M by a double 
bond; and L1 and L2 may form a condensed ring With each 
other to become a tWo-coordinate chelate ligand; X repre 
sents a counter ion of an anion or a cation; a is an integer of 
l to 3; b and c are each an integer of 0 to 4; and d is an 
integer of 0 to 3, provided that P, Q, L1, L2, and X each may 
be the same or different if there are more than one of these. 

2. The organic light-emitting device according to claim 1, 
Wherein the iridium atom M is a ?ve-coordinate l6-electron 
bonding system or a six-coordinate l8-electron bonding 
system With L 1 and L2 and With a chelate ligand comprising 
P and Q. 
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